The aim of this study was to evaluate the milk urea content along with the dynamics of lactation and milk components in production dependency in Holstein dairy cows. Evaluation of daily milk yield in relation to milk urea presented a positive regression dependency, which was the strongest in early lactation (r = 0.860; P < 0.001), decreasing in mid lactation (r = 0.329; P < 0.001) and late lactation (r = 0.261; P < 0.001). Evaluation of milk protein in relation to milk urea showed a negative regression dependency, which was the strongest in early lactation (r = -0.850; P < 0.001), decreasing in mid lactation (r = -0.819; P < 0.001) and late lactation (r = -0.679; P < 0.001). The somatic cell counts in relation to milk urea confirmed a negative regression dependency in early lactation (r = -0.635; P < 0.05) and mid lactation (r = -0.818; P < 0.05), but no significance was found in late lactation. The results of the study confirm the influence of production factors (milk quantity and milk components) on the milk urea content. Dependencies found between the production, milk components and milk urea are applicable for the evaluation of protein nutrition and metabolic transformation of nutrients in dairy cows.
Urea is synthesized in the liver of ruminants as a final product of protein metabolism by the detoxification of circulating ammonia in the bloodstream. The source of endogenous urea is ammonia, which originates from rumen degradation of feed protein and unused passes through the rumen wall from where it is transmitted through the portal vein to the liver. Another source of endogenous urea is ammonia formed by the deamination of amino acids absorbed in the small intestine which are not involved in protein synthesis due to the imbalance of essential amino acids and ammonia from proteolysis of peripheral tissues in early lactation during negative energy balance. Endogenous urea passes from the liver to the bloodstream where a large portion is excreted through urine into the environment, representing a direct nitrogen loss. Part of the blood urea is returned into the rumen by saliva and blood through the rumen wall which stabilizes ammonia levels for the synthesis of microbial protein, and a portion of the urea passes into the milk (Powell et al. 2014 ). According to Bogucki et al. (2005) the optimal concentration of milk urea (MU) for dairy cows should range from 15 to 30 mg/dl. However, Pytlewski et al. (2010) reported an optimal MU value of up to 25 mg/dl. Reduced amount of MU indicates a deficit of protein in feed, when it occurs there is a lack of ammonia available to ruminal microorganisms. An elevated level of MU is characteristic of excess protein or a deficit of energy in the feed ration (Weeks and Hristov 2017) . The evaluation of MU is an important tool for assessing the protein-energy ratio of nutrients in the feed ration for dairy cows. In addition to nutritional factors that have the biggest effect on the concentration of MU, it may be influenced by non-nutritional factors such as breed, parity, season and production factors such as milk yield and milk components (Čobanović et al. 2017) .
The aim of this study was to evaluate the MU content along with the dynamics of lactation and milk components in production dependency in Holstein dairy cows over a one year period.
Materials and Methods
Data collection and management of dairy herd
The study was performed on a dairy farm with a total number of 600 Holstein dairy cows during the year 2017 (from January to December). An average milk production was 10 154 kg of milk per standard 305-day lactation. Production above 305 days of lactation was not evaluated in the study. Dairy cows were fed and selected in groups according to the milk yield and days in milk (DIM) as follows: 0-120 DIM (early lactation), 121-210 DIM (mid lactation), 211-305 DIM (late lactation). Furthermore, according to MU concentration they were divided into the following three categories: MU up to 25 mg/dl, MU 25-30 mg/dl, MU above 30 mg/dl, with the optimal level of MU being considered up to 30 mg/dl. Milk urea content was evaluated along with the dynamics of lactation and milk components in production dependency.
Dairy cows were kept in a free-stall system and fed a total mixed ration (TMR) consisting of maize silage, clover silage, grass silage, alfalfa silage, rye silage, grass hay, alfalfa hay, wheat straw, cereal grain mixture, rapeseed meal, wet distillers' grains and a concentrate mixture. The TMR were formed monthly depending on the nutrient requirements according to the milk yield and the capacity of dry matter intake for all groups of dairy cows according to the stage of lactation. The TMR was offered twice a day using a mixer wagon and it was gathered up several times per day to ensure ad libitum feed intake with a regular control of the feed remains in the feed bunk. Samples of TMR were analysed by conventional methods (Commission Regulation EC No. 152/2009 of 27.1.2009 ) to examine nutrients such as a dry matter (DM), crude protein (CP), fat, neutral detergent fibre (NDF), acid detergent fibre (ADF), starch and ash, monthly over the year. Non-fibre carbohydrates (NFC) and net energy of lactation (NEL) were calculated by the equations based on the analysed nutrients content of the feeds (NRC 2001) . The composition and analysed nutrients content of TMR according to the stage of lactation are summarized in Table 1 .
The analysed average nutritional composition of TMR for the year with a balanced CP (157.58, 154.17, 157 .00 g/kg DM, respectively) confirmed a decrease of NEL (6.61, 6.37, 6.07 MJ/kg DM, respectively) in the feeding groups along with an increased DIM and a decreased milk yield. In the feed rations for early, mid and late lactation, the change in NEL was caused by a decrease in the starch content (251.92, 232.58, 162 .25 g/kg DM, respectively) and an increase in NDF (341.92, 377.50, 417 .83 g/kg DM, respectively).
The cows were milked twice a day and individual milk samples were analysed once per month to evaluate the milk yield, milk components, and MU in the Central Milk Laboratory (accredited in accordance with the international standard ISO/IEC 17025:2005) in collaboration with The Breeding Services of Slovakia, s.e. (state-owned enterprise) using the breeding information system. Milk protein, fat, lactose and MU were determined by the Fourier transformed infrared analyser method MilkoScan FT+ (Foss Electric, Hillerød, Denmark) and Bentley FTS (Bentley Instruments Inc., Chaska, USA), the somatic cell counts (SCC) were analysed using a Fossomatic FC (Foss Electric, Hillerød, Denmark) and Bentley FCM (Bentley Instruments Inc., Chaska, USA). Daily yields of protein, fat and lactose were calculated by multiplying the percentage of milk components with milk yield per day.
Statistical analysis
The obtained data were processed by the IBM SPSS Statistics version 24.0 (IBM Corporation, Armonk, USA). Results were expressed as the mean and standard deviation. One-way Analysis of Variance (ANOVA) and Tukey test for multiple comparison of means were conducted to evaluate the differences in milk yield, milk components and milk urea parameters, with the stage of lactation set as the main factor at a significance level of P < 0.001. Subsequently, the analysis of correlation between MU and the daily milk yield, milk protein and SCC was performed in dairy cows during lactation. For all parameters, the effects were declared significant at P < 0.05 and P < 0.001.
Results

Milk production and composition
Milk production, milk components and MU during lactation are summarized in Table 2 . The daily milk yield during standard lactation was on average 35.70 ± 9.21 kg/d with a peak in the 3 rd month of lactation (40.78 ± 9.22 kg/d). According to the lactation stage, a significant (P < 0.001) decrease in milk yield was confirmed (39.91, 36.26, 30.41 kg/d, respectively) proportionally to the increase in DIM (75.49, 164.57, 253.62, respectively) . Persistency of lactation evaluated as the decrease in milk yield from the peak reached 5.2% for standard lactation. The lowest decrease of milk yield was at 3.2% in early lactation, 4.2% for mid lactation, and averaged 7.0% in late lactation.
The contents of milk protein and fat for standard lactation were 3.22 ± 0.34 and 3.65 ± 0.77%, respectively. A significant (P < 0.001) increase of milk protein content 279 Table 1 . The composition and analysed nutrient content of the total mixed ration according to the stage of lactation.
DM -dry matter, DMI -dry matter intake, CP -crude protein, NDF -neutral detergent fibre, ADF -acid detergent fibre, NFC -non-fibre carbohydrates, NEL -net energy of lactation, d -day, TMR -total mixed ration, SD -standard deviation Daily milk protein yield for standard lactation was confirmed at an average of 1.14 ± 0.22 kg/d. In early lactation the daily milk protein yield was 1.20 ± 0.26 kg/d and with continuous lactation this significantly (P < 0.001) decreased with a mean value of 1.15 ± 0.25 kg/d in mid lactation and 1.02 ± 0.24 kg/d in late lactation. Daily milk fat yield for standard lactation was 1.27 ± 0.33 kg/d. A significant (P < 0.001) decrease of milk fat yield (1.35, 1.27, 1.16 kg/d, respectively) was confirmed in continuous lactation.
The milk lactose content for standard lactation was 4.87 ± 0.21%. The highest milk lactose was found in early lactation (4.94 ± 0.20%) with a significant (P < 0.001) decrease in mid (4.88 ± 0.20%) and late (4.79 ± 0.21%) lactation. The daily milk lactose yield for standard lactation was 1.74 ± 0.47 kg/d. A significant (P < 0.001) decrease in the milk lactose yield (1.97, 1.77, 1.46 kg/d, respectively) was confirmed in continuous lactation.
Evaluation of the milk yield in relation to MU
The mean value of MU for standard lactation was 27.84 ± 7.15 mg/dl. In continuous lactation, a significant (P < 0.001) increase of MU was confirmed ( Table 2 ). The dynamics of the daily milk yield in relation to MU according to the stage of lactation are summarized in Fig. 1 .
In early lactation the mean value of the milk yield was 39.91 ± 9.17 kg/d with an average MU of 27.15 ± 6.99 mg/dl. When dividing the dairy cows according to MU levels, the highest milk yield was 42.25 ± 9.25 kg/d, which was found in cows with over the limit MU levels (above 30 mg/dl) at an average of 35.04 ± 4.67 mg/dl, which was determined individually in 31.4% of dairy cows. A gradually significant (P < 0.001) decrease in the milk yield showed a positive regression dependency to MU (r = 0.860).
In mid lactation the mean milk yield was 36.26 ± 8.12 kg/d and the analysed MU level was 28.14 ± 7.06 mg/dl. The highest mean milk yield was 37.02 ± 8. 46 confirmed in the group with a mean over-the-limit MU level of 34.96 ± 4.11 mg/dl, which was determined individually in 39.3% of dairy cows. The significant (P < 0.001) decrease in milk yield positively correlated with the decrease in MU (r = 0.329).
In late lactation the average milk yield was 30.41 ± 7.63 kg/d and the analysed MU level was 28.65 ± 7.05 mg/dl. The highest milk yield with a mean value of 31.38 ± 7.82 kg/d was recorded in the group with a mean over-the-limit MU level of 34.80 ± 4.10 mg/dl which was determined individually in 43.8% of dairy cows. The significant (P < 0.001) decrease of milk yield positively correlated with a decrease in MU (r = 0.261).
In a yearly evaluation the over-the-limit MU level (above 30 mg/dl) with a mean value 34.94 ± 4.28 mg/dl for standard lactation was confirmed in 37.6% of dairy cows in the herd, and these cows reached the highest milk yield for standard lactation with an average of 11 226 kg. Dairy cows with MU levels in the range of 25-30 mg/dl with a mean value of 27.52 ± 1.42 mg/dl made up 28.1% of the herd with a confirmed milk yield of 10 746 kg on average for standard lactation. Dairy cows with a MU of up to 25 mg/dl and a mean value of 20.32 ± 3.92 mg/dl accounted for 34.3% of the herd with an average milk yield of 8 053 kg for standard lactation. Persistency of lactation at different MU levels showed that the group of dairy cows with MU levels above 30 mg/dl and with the highest milk yield achieved a peak in the milk yield between 31-60 DIM and a persistency of lactation of 5.4%. In the groups of dairy cows with MU levels between 25-30 mg/dl and under 25 mg/dl, respectively, a later peak of milk yield was confirmed (61-90 DIM) but persistency of lactation was found to be lower (4.7, 4.8%, respectively) than in the group with MU levels above 30 mg/dl.
Evaluation of milk protein in relation to MU
An evaluation of milk protein in relation to MU according to the stage of lactation is summarized in Fig. 2 . The milk protein content in relation to the MU level confirmed a negative regression dependency where an increase in the protein content during the lactation stages was associated with lower MU levels. In early lactation the mean value of milk protein was 3.04 ± 0.29% with MU level of 27.15 ± 6.99 mg/dl. The lowest milk protein content with a mean value of 2.95 ± 0.28% was recorded in the group with a mean over-the-limit MU (above 30 mg/dl) of 35.04 ± 4.67 mg/dl which was found in 31.4% of dairy cows. A gradually significant (P < 0.001) increase in the milk protein content showed a negative regression relationship to MU (r = -0.850).
In mid lactation the average value of milk protein was 3.23 ± 0.31% with an average MU level of 28.14 ± 7.06 mg/dl. The lowest level of milk protein (3.15 ± 0.29%) was found in the group of dairy cows with a mean over-the-limit MU of 34.96 ± 4.11 mg/dl which was individually determined in 39.3% of dairy cows. A gradually significantly (P < 0.001) increasing level of milk protein showed a negative regression dependency to MU (r = -0.819).
In late lactation the mean milk protein content was 3.39 ± 0.32% and the MU level was 28.65 ± 7.05 mg/dl. The lowest mean milk protein content was 3.35 ± 0.32% which was found in the group of dairy cows with an over-the-limit MU level of 34.80 ± 4.10 mg/dl determined individually in 43.8% of dairy cows with a gradually significant (P < 0.001) increase of milk protein which showed a negative regression dependency in relation to MU (r = -0.679).
Evaluation of SCC in relation to MU
The SCC of milk in relation to MU levels displayed a negative regression dependency, where decreasing SCCs were found in the individual phases of lactation associated with increasing MU levels. The SCC for standard lactation was 433.20 × 10 3 /ml. A significant (P < 0.001) increase in SCC from 373.75 × 10 3 /ml in early lactation to 430.57 × 10 3 /ml in mid lactation and 497.85 × 10 3 /ml in late lactation was found with continuous lactation ( Table 2) .
Evaluation of SCC in relation to MU according to the stage of lactation is summarized in Fig. 3 .
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MU -milk urea, DIM -days in milk, d -day, SD -standard deviation, SCC -somatic cell counts Different superscripts in the same column are significantly different at P < 0.05 The cows in early and mid lactation had the lowest SCC with the mean values of 295.49 × 10 3 /ml and 374.39 × 10 3 /ml, respectively, in groups with over-the-limit MU levels (above 30 mg/dl) of on average 35.04 ± 4.67 mg/dl and 34.96 ± 4.11 mg/dl, respectively, these were individually determined in 31.4% and 39.3% of dairy cows. The SCC of milk significantly (P < 0.05) decreased in negative regression dependency to MU levels in early (r = -0.635) and mid (r = -0.818) lactation. In late lactation the SCC in relation to MU did not show any significant dependency.
Discussion
The declining dynamics of milk yield found in the course of lactation is consistent with conclusions by Vijayakumar et al. (2017) influenced by homeorhetic stimulation of metabolic regulation of nutrient intake for milk synthesis as well as the synthetic capacity of the mammary gland by different recovery of the secretory cells at the peak and end of lactation.
The synthetic capacity of milk components was evaluated on yearly average by analysing the content and daily yield of milk protein and fat in relation to the nutrient intake according to the stage of lactation in dairy cows. The confirmed increase in the milk protein content during lactation is consistent with a previous study by Bondan et al. (2018) . The decrease in the milk yield in continuous lactation causes the protein content to remain more concentrated (Idamokoro et al. 2017) . The increase in milk fat found over the course of lactation is conditioned by the changing milk yield during lactation but also by the changing carbohydrate composition in TMR. The shift of the ratio NDF to NFC in TMR from 1:1.1 in early lactation to 1:0.95 in mid lactation and 1:0.74 in late lactation affects the fermentation in rumen and the ratio of acetic acid to propionic acid as main precursors for milk fat synthesis (Shuiep et al. 2016 ).
An evaluation of daily protein and fat yield in milk showed their decrease with continuous lactation. Our results correspond with the conclusions by Silvestre et al. (2009) who explained the decrease of milk protein and fat yields over the course of lactation as an effect of the decrease of milk yield in continuous lactation.
The evaluated relationships of content and yield of milk fat and protein by homeorhetic regulation have an effect on the genetic potential of a herd, which influences the milk quantity and synthesis of milk components by means of hormonal regulation of nutrient intake in preference to the mammary gland (Vijayakumar et al. 2017) . In contrast, the nutritional effects of aminogenic, lipogenic and glucogenic intake significantly influence the proportion of milk components and serve as a marker for evaluating of nutrition (Tyasi et al. 2015) . In the early lactation group the analysed nutrient composition and the determined DMI of TMR converted to an actual milk yield of 40 kg/d supplied production at a mean 49 percentile. The high number of animals (n = 150) and the production imbalance mean that the average production in the fourth quartile of the animals (51.60 ± 3.77 kg) exceeds the calculated NEL requirement by 37 MJ and CP by 1000 g per day according to standard requirements (NRC 2001) , whereupon animals react by increasing the mobilisation of body reserves during the period of negative energy balance. This balance explains a decrease in the mean content of milk protein (3.04 ± 0.29%) and milk fat (3.44 ± 0.79%), which were mainly found in the dairy cows with a production over the group average. In the mid lactation group the nutrient intake converted to actual milk yield (36.26 ± 8.12 kg/d) showed a balanced nutrient and energy intake to supply the standard requirements for the milk yield. In the late lactation group the nutrient intake converted to actual milk yield (30.41 ± 7.63 kg/d) showed a balanced nutrient and energy intake to supply the standard requirements for the milk yield.
The confirmed decrease in the milk lactose content and yield during lactation is consistent with a previous study by Henao-Velásquez et al. (2014) , who explained this relationship as a decrease in the milk yield in continuous lactation, when the synthesis of lactose in the mammary gland regulates milk secretion.
An evaluation of the daily milk yield in relation to the MU level confirmed a positive regression dependency, which was the strongest in the early lactation group (r = 0.860; P < 0.001), decreasing with continuous lactation, in mid lactation (r = 0.329; P < 0.001) and in late lactation (r = 0.261; P < 0.001). Our conclusions are in agreement with Siachos et al. (2017) , who confirmed a positive relationship between the milk yield and MU. Other studies confirmed this relationship as a negative dependency (Abdouli et al. 2008 ). The highest milk yield along with over-the-limit level of MU was confirmed in the early lactation group of dairy cows, which indicated the metabolic support of milk synthesis by mobilizing body reserves where deamination of amino acids leads to increased energy and nitrogen availability for the synthesis of milk and urea (Wattiaux et al. 2005) .
The evaluation of milk protein in relation to MU confirmed a negative regression dependency, which was the strongest in early lactation (r = -0.850; P < 0.001), decreasing in mid lactation (r = -0.819; P < 0.001) and late lactation (r = -0.679; P < 0.001). Our results are consistent with previous studies by Zhang et al. (2018) , who confirmed the negative dependency between milk protein and MU in dairy cows. Other studies examining this relationship did not find a significant correlation between these parameters (Kananub et al. 2018) . The lowest protein content in milk along with the over-the-limit MU level confirmed in a group of dairy cows in early lactation indicates a limited intake of amino acids from TMR. Amino acids released from muscle by proteolysis have a different composition compared to milk protein and they are used for urea synthesis after deamination (Nousiainen et al. 2004) .
Somatic cell counts in relation to MU confirmed a negative regression dependency in early (r = -0.635; P < 0.05) and mid lactation (r = -0.818; P < 0.05) but no significance was found in late lactation. These results are in agreement with previous reports by Kananub et al. (2018) who confirmed the negative dependency between SCC and levels of MU, whereby this relationship explained as unclear forasmuch as those variables refer to physiological processes which are not clearly connected. Milk urea is related to the evaluation of protein nutrition in dairy cows and SCC reflects the degree of irritation in the mammary gland. On the other hand, Silva et al. (2016) confirmed the positive relationship between SCC and MU levels, which is caused by the irritating action of urea molecules on the cell walls of milk alveoli in the mammary gland.
The higher MU may indicate parity effects, whereby the dairy herd in our study mainly consisted of dairy cows in the first and second lactation. According to Jílek et al. (2006) higher MU concentrations were determined in cows in their first and second lactations, in contrast to groups in their third and fourth lactations.
In conclusion, our results confirmed the significant impact of production factors (milk quantity and milk components) on the MU content. A positive correlation between production and MU with the most pronounced effect in early lactation (r = 0.860) was confirmed. The milk protein in relation to MU levels showed a negative regression dependency, which was the strongest (r = -0.850) in early lactation. The SCC in relation to MU confirmed a negative regression dependency in early (r = -0.635) and mid (r = -0.818) lactation. It was concluded that MU concentration should be evaluated in association with DIM, parity, milk yield, milk protein content and SCC. These variables should be considered as potential sources of misinterpretation in exploring the relationship between MU and nutritional management. Confirmed dependencies between production, milk components and MU are applicable for the evaluation of protein nutrition and metabolic transformation of nutrients in dairy cows. They are a useful tool for identifying and diagnosing problems with remedial and nutritional management on dairy farms.
